INTRODUCTION
The maxillary sinuses (MSs) are frequently included in dental imaging exams (fi gures 1 through 3). The evaluation of these structures is essential in certain situations, for example, before placement of dental implants and assessment of odontogenic pathologies, including cases associated with patients that do not present classical clinical signs and symptoms of an infl ammatory reaction (sinusitis). 1 The MSs are included in panoramic images, and may be used to identify changes within these structures ( Figure 1 ). In panoramic images, any mucosal reaction of bacterial, viral, fungal, allergic or neoplastic origin will appear as an ill-defi ned opacifi cation, and an antral pseudocyst or mucous retention cyst, as a round-shaped opacifi cation. 2 However, panoramic images commonly present distortions and an overlap of structures, which are inherent to the technique. These factors considerably limit the evaluation and diagnostic accuracy of the MS. 3 Three-dimensional images have become more accessible to the dental community, with the greater availability of cone beam computed tomography (CBCT). 4 This imaging modality is able to provide reconstructed images not only in axial, coronal and sagittal planes, but in virtually any desired plane.
Another advantage is associated with the amount of radiation delivered to the patient, a dose considerably lower than helical CT. 5 Therefore, the aim of this study was to compare the diagnostic accuracy of digital panoramic radiography (PR) and CBCT in evaluating opacifi cation involving the MS.
MATERIAL AND METHODS
Fifty-one patients age 18 to 72 years, of both genders, were selected for this study, in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and all subsequent revisions. They were imaged by the same digital panoramic machine (Orthophos CD, Siemens, Benshein, Germany) with imaging settings of 60 to 90 kVp, 9 to 12 mAs and 12 s of exposure. In the same visit, the patients were examined by a CBCT system opacification. The concordance between evaluators 1 and 2, and also between evaluators 1 and 2 and the gold standard (Evaluator 3) was obtained using kappa analysis. The significance level was set at p < 0.05. An age analysis was performed to obtain mean, standard deviation, maximum and minimum values for the study sample.
RESULTS
The mean age of the sample evaluated was 41 years for females (18 to 72 years, SD = 14) and 31 years for males (18 to 54 years, SD = 11). In regard to gender, the opacification frequency was 20 females (61%) and 13 males (39%). Table 4 describes the sinus-wall-associated opacification, and Table   5 , the frequency of opacification cases with odontogenic etiology.
Of the 51 patients, Evaluator 3 diagnosed opacification in 33 patients (65% of the population).
As regards the radiographic findings, Evaluator 1 was able to correctly diagnose opacification in 26 cases (51%), and Evaluator 2 in 15 cases (30%). As regards the presence or absence of opacification, Evaluator 1 was able to provide a correct diagnosis in 39 cases (76.5%) and Evaluator 2 in 31 cases (60.8%; Table 6 and 7). Agreement between evaluators 1 and 2 was observed in 35 cases (68.6%), as shown in Table 8 .
In regard to the agreement between Evaluator 3 and evaluators 1 and 2, moderate agreement was observed between Evaluator 3 and Evaluator 1 (k = 0.49), and between evaluators 1 and 2 (k = 0.41). The statistical analysis showed significant difference between Evaluator 3 and Evaluator 1 (p < 0.001) and between evaluators 1 and 2 (p = 0.001). Fair agreement was observed between Evaluator 3 and Evaluator 2 (k = 0.28; Tabela 9).
No significant difference was noted between Evaluator 3 and Evaluator 2 (p = 0.103). These results are presented in Table 10 .
In regard to the location of the opacification The underlined values represent the accordance observed. The underlined values represent the accordance observed. The underlined values represent the accordance observed. 
DISCUSSION
Images of the head and neck frequently include several structures unfamiliar to general dentists.
This clearly shows the importance of an oral and maxillofacial radiology report to identify any alterations involving structures like the MSs. 6 Helical CT has been used to evaluate alterations in paranasal sinuses, including opacification and changes in the sinus walls, due to pathologies including malignant diseases. 7, 8 In studies involving the MS, these images are frequently used to define the gold standard. 9 However, according to the studies by Pinsky et al. 10 The underlined values represent the accordance observed. Ogawa 12 (1975) found that imaging artifacts from the contralateral mandibular ramus in the maxillary sinus also make the detection of sinus changes more difficult. Technical features of the panoramic images, such as the almost vertical x-ray projection over the medial sinus wall, also make the detection of changes in the MS more difficult. 13 Our study observed a statistically significant difference between the assessment of evaluators 1 and 2 ( Table 8 and 12) . The agreement between these evaluators was fair (68.7%). In regard to the agreement between evaluators 1 and 2 and the gold standard, moderate agreement was observed between Evaluator 1 and the gold standard (76.5%), and fair between Evaluator 2 and the gold standard (60.8%). These results show the subjectivity associated with interpreting panoramic images (Table 9 ).
In regard to the location of the opacification in the MS, Ohba et al. 9 (1990) found that opacification detection was more efficient when it was located in the inferior and posterior regions of the sinuses. In our study, opacification was more frequent in the medial wall (49%), followed by the lateral (47.1%) and the anterior (41.2%) walls, respectively ( Table   4 ). The difference among these locations may explain the low agreement between the panoramic and the CBCT images (Table 10 and 11).
Our study was limited to comparing the accura- In regard to the antral pseudocysts of the MS, Allard et al. 16 (1981) observed an incidence between 1.4% and 9.6%. 18 In our CBCT images, the incidence of circumscribed opacification, diagnosed as antral pseudocysts, was 5.8% and was higher in females (Table 14 ). In the study by MacDonald-Jankowski 10 (1993), the incidence of antral pseudocysts was 5.2%, and higher in males. As regards the symptoms associated with pseudocysts, all our patients were asymptomatic. In one study, 14% of the population evaluated presented symptoms, and, in an- other study, the figure was 11%. 16, 17 Similarly to the study by Soikkonen and Ainamo 15 (1995), a higher incidence of pseudocysts was observed with an increase in age (Table 14 ).
Our study was not designed to associate odontogenic etiologic factors with maxillary sinus opacification, but possible odontogenic etiology could be observed in 15% of our cases. Lee et al. 17 (1988) observed changes in the MSs due to the dental pathologies present in 10% of their patients.
CONCLUSION
In conclusion, in our study, even though panoramic radiography is widely available and exposes patients to a relatively low dose of radiation, the images they provide were not able to support acceptable evaluation of opacification involving the MSs. The MSs are frequently included in CBCT exams; it is therefore important for oral and maxillofacial radiologists to receive appropriate training so that they can identify any alterations in these structures. 
